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ForensicAbstract Fingerprints are considered to be one of the most important parameter for human iden-
tification. The analysis of fingerprints for comparing/matching purpose requires 12–14 ridge char-
acteristics or minutiae points to prove similarity or dissimilarity in the court of law. These unique
features found within the patterns make us capable of giving opinion. But various studies have
shown that even the trained and experienced experts commits various types the fingerprint, these
may be because of the use of arbitrary/non standard terminology like clockwise/anticlockwise or
directions etc. in writing a report. The classical method of fingerprint comparison with lens to locate
minutiae in directions, which is a time consuming procedures needs to be revised.
In the present study an attempt has been made to develop a modified grid method for comparison
of finger print. The step by step procedure to use this grid for comparison of inked fingerprints pre-
sent on questioned or standard documents like property wills affidavits, bank documents and pass-
ports etc along with the Adobe Photoshop CS5 has been discussed in detail. The modified grid
enables the expert not only to perform a box by box comparison of the fingerprints but also a
new way of write a report, which can be demonstrated well to the judiciary in the court room trials.
 2016 The International Association of Law and Forensic Sciences (IALFS). Production and hosting by
Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
licenses/by-nc-nd/4.0/).1. Introduction
Fingerprints are considered to be one of the absolute evidence
to identify a person. The process of identification requires
comparison of questioned and standard finger prints. The
dogma adopted by numerous fingerprint examiners calls it
an ‘‘exact” science, but now some of them consider it as amisconception. Because it is not ‘‘exact” as mathematics, in
which results or measurements are expressed in exact numbers.
At the same time the fingerprint identification science cannot
be considered as ‘‘descriptive” science like ornithology, in
which a particular species of bird identified, but not an individ-
ual within the same species. Rather, fingerprint identification
falls into a category of applied science in which the scientific
knowledge and principles can be applied to the problems to
arrive at conclusions. This application gives scientific validity
to the conclusions.1,2 These conclusions can be further
strengthened by using automated Software. The Automated
Fingerprint Identification System (AFIS) was introduced into
forensic work after 2000. AFIS was based on biometric
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ogy to obtain, store, and analyze data related to fingerprint.3
The AFIS was originally used by the U.S. Federal Bureau of
Investigation (FBI) in criminal cases. In this automated Soft-
ware system, optical sensor based readers are used to read
and acquired fingerprint images in the following three stages:
 Firstly, image processing algorithms are used to obtain gray
tone impressions of the fingerprint image.
 Secondly, the processed image is thus used to extract the
minutiae (only bifurcations and ridge ending).
 Third step is analyzing the placement of different minutiae
(bifurcations and ridge ending) on fingerprints, with the
help of placement directed algorithms.3
The extracted images are compared with the databases pre-
sent in the system and results are obtained. But contrary to the
above, in the present study a semi-autonomous the procedure
has been used.
Therefore, in the present study, a comprehensive attempt
has been made to extract manually all the minutiae present
in the finger print with the help of Adobe Photoshop (CS5)
Software and to develop a modified grid which can be used
to systematically find the placement of the minutiae along with
measuring certain additional feature like Angle.
In the present study the existing grid has been modified as
shown in Fig. A. In this modified grid the comparison is based
on the extraction of the minutae with the help of count tool of
Adobe Software. Further, their placement on the fingerprintFigure A Showing modiwill be located with the help of modified grid (Fig. A). Modi-
fied grid has been divided into three parts namely rows, col-
umns and angle or in other words it is a graphic image
(Fig. 1) which is digitally superimposed on fingerprint pattern
to carry out comparison by locating the minutae i.e. in which
row, column and degree of angle the minutae is present will be
clarified and documented in tabulated form. The method has
robust potential to carry out comparison with grid methodol-
ogy and is expected to add objectivity to the present day finger
prints comparison scenario.
2. Materials and methods
2.1. Sample collection
Subjects were requested to give 3 sets of fingerprints i.e. Inked
fingerprints, latent fingerprints (developed on glass and fiber
sheet with iodine fumes) and scanned fingerprints with live scan
(Futronic FS80 Pro USB 2.0 Optical Fingerprint Scanner).
Photographs were captured and saved in Tiff format. The min-
imum system requirement is computer with at least a 386 micro-
processor, eight MB of RAM, Windows 3.1 or later with the
help of which second level details of fingerprints were studied.
2.2. Grid
In the past various types of grids have been prepared by vari-
ous scientists to compare the finger prints. In 1910, Osbornfied finger prints grid.
Figure 1 Showing magnification of 42.24% up to 3200% is possible.
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comparison of fingerprint.
Osborn grid which has been segmented with equal sized
squares which can be superimposed on questioned and stan-
dard finger prints in such a way that square of each grid occu-
pying an identical position on each print. The square for
square points were matched to establish the identity, whereas
in Osterburg grid, it has almost same characteristics as in
Osborn grid but with little modification in square size i.e. each
square of 1 mm is utilized to compare the fingerprint. Oster-
burg’s grid had not been utilized by many agencies for compar-
ison purpose; because of the size of each box in the grid was
1 mm. This was the reason Osterburg’s grid was not practical
as it reduces the visibility of fingerprint minutae.4
2.3. Preparation of modified grid
Keeping in mind the earlier grids, a modified grid (Fig. A) has
been drawn in circular shape with a difference of 10 degree
with the help of computer graphics ‘AUTOCAD’ Software
covering 0–360 degree angle. This circle has been further seg-
mented with cubes of equal dimensions and can be utilized
manually as well as digitally for the comparison of finger prints
(Fig. A). Manually the center is placed on the core and thecubes are utilized to find ridge densities, the angles with respect
to core are also recorded for demonstration purposes.
All the acquired fingerprints are converted to the soft copy
either with digital photography or by scanning. Then experi-
ments were carried out with the help of commercially available
image processing Software Adobe Photoshop CS5 on three
types of fingerprints as follows:
The minutiae are extracted manually by briefly analyzing
the fingerprint image in Adobe Photoshop (CS5) and the place-
ment of the minutiae is defined by superimposing the modified
grid (specially modified for the present study) onto the finger-
print. Thus mimicking the functionality of automatic Software,
the procedure explained in this paper highlights the extraction
of all the minutiae present in the finger print and the modified
grid prepared, which helps in systematically find the placement
of the minutiae. The methodology used in the present study
present a novel method of writing reports in tabulated format.
Minor details about different stages are discussed as follows:
2.4. Standardization of images
(1) Fingerprint images were saved in Tiff format.
(2) The size of images was standardized with the help of
ruler tool from analysis > measurement scale > cus-
tom > 280 pixel = 1 cm and image size to 4000 by
3000 pixels.
(3) Fingerprint image was rotated with the difference of 10
degree by selecting arbitrary image rotation option from
the image menu till the core of both the images become
uniform with respect to each other.
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adjusted by selecting image > image rotation > arbi-
trary image rotation.
(5) The core aligning 90 degree was checked with the help of
grid option. The straight line of the grid should run par-
allel to the core line.
2.5. Superimposition of grid
The soft copy of grid was opened in the new window and
selected by the help of magic wand tool. The selection was thuspasted on the questioned and standard fingerprints to be com-
pared. The screen for convince was juxta-positioned so that
side by side comparison can be made with the help of option
arrange documents.
(6) The visibility of the grid was adjusted from the layer
option by clicking the visibility window present toward
left.(7) Once the grid is set (core should be at 90 degree) the
layer was locked.
(8) The grid was placed on core of the fingerprint and box
by box comparison was made.Figure 2 Showing the working of count tool (c.f. http://w2.6. Marking and counting the minutiae
The minutiae were marked with the help of count tool of
Adobe Software which is able to count the minutiae on one
click.
(9) New folders were selected for different type of minutiae
counting so as to change the color for demonstrative
purpose.2.7. Tabulating the findings
(10) The findings were filled in the tables, the first row repre-
sents the box examined the second row represents the
type of minutiae studied, third row represents the num-
ber and fourth row for angle measurement. Each box
has been assigned a number; for example H4B (220–
230). Here H REPERSENTS THE ROW and 4
REPERSENT COLOMN B is bifurcation type of minu-
tiae, in brackets shows the range of angle.
(11) Finally the tables are matched for identity or non iden-
tity of finger prints.
3. Results
In the present study, comparison of fingerprint was carried out
on three types of prints namely latent print photographs, inkedww.webdesign.org/img_articles/21198/step02_550.gif).
Figure 3 Demonstrating the functions of grid.
Table 1 Showing new method of writing fingerprint report.
Fingerprint studied Box number Type of detail studied Number Angle Grid total Results
Q F6 BIFURCATION 7 (40–50) F6B7(40–50)
3 (0–10) F6B3(0–10)
S BIFURCATION 7 (40–50) F6B7(40–50) MATCHED
3 (0–10) F6B3(0–10)
Q F5 BIFURCATION 1 (100–110) F6B1(100–110)
S BIFURCATION 1 (100–110) F6B1(100–110) MATCHED
Q E6 BIFURCATION 2 (330–340) E6B2(330–340)
S BIFURCATION 2 (330–340) E6B2(330–340) MATCHED
Q E5 BIFURCATION 4 (200–210) E5B4(200–210)
5 (230–240) E5B5(230–3240)
S BIFURCATION 4 (200–210) E5B4(200–210) MATCHED
5 (230–240) E5B5(230–3240)
Q E4 BIFURCATION 6 (190–200) E4B6(190–200)
S BIFURCATION 6 (190–200) E4B6(190–200) MATCHED
Q= questioned.
S = standard.
Pattern = loop.
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compared as mentioned above with the help of Software
Adobe Photoshop CS5 and a specially prepared modified grid
method. The following observations emerged out from the pre-
sent study:
Because of the presence of various tools, Adobe Photoshop
is very good method to analyze the fingerprints, with the help
of which an examiner can see through all the details clearly. It
is well demonstrated in the Fig. 1 that is showing 47.24% mag-
nification of a fingerprint. Extraction of minutae is carried out
with the help of count tool as shown in Fig. 2. This tool
enables the examiner to choose size and color of the label.
The minutae of a similar type (like red for all bifurcations)
can be marked with a single color, and different colors (yellow
for enclosure) can be chosen for different types of minutae.After extracting/marking the minutae with different labels,
the grid is superimposed so as to know the exact placement
of the minutiae on the grid as shown in Fig. 3. The function
of the grid is to form a tabulated report as shown in Table 1.
The letter ’f’ stands for the row and numeric letter ’6’ stands
for column and letter ’B’ denotes the bifurcation (Table 1.).
In the same box F6 two bifurcations are present so they are
numbered separately as 7 and 3, which are present in the range
of angle from 40 to 50. So the total grid score of the fingerprint
is F6B (40–50) as shown in Fig. 3. Similarly all the minutae are
tabulated in the table and compared. This form of report writ-
ing is objective in nature and can also be easy to checked and
verified. The fingerprint after the superimposition of the grid
can be compared with another fingerprint in juxtaposed posi-
tion as shown in Fig. 4. Similarly, live scan images as well as
Figure 4 Showing use of grid to mark minutiae in the rows and column comparison between the two.
Figure 5 Demonstrating fingerprint comparison with grid and count tool between two inked prints.
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this grid as shown in Figs. 5 and 6 respectively. The magnifica-
tion of the Software helps us to study third level of details
(Poroscopy and Edgeoscopy) as well. The presence of pores
in two fingerprints has been demonstrated in Fig. 7.
4. Discussions
The fingerprints are compared with Adobe Photoshop CS5,
because it provides enormous possibilities for better compar-ison than labor-intensive loupe procedure.5,6 It offers maxi-
mum zoom up to 3200% although 42% is suffice for
forensic examination of fingerprints as shown in Fig. 1. With
the help of count tool of Adobe Software minutiae were
marked and counted as shown in Fig. 2. The successful super-
imposition of grid on fingerprint has been shown in Fig. 3. For
detailed examination of finger print, the Software can also be
utilized to study the pores as shown in Fig. 7. which were then
compared with the help of count tool. In this way 99 pores
were marked and were compared side by side.
Figure 6 Showing side by side comparison of two latent prints collected from different surfaces.
Figure 7 Showing poroscopy count and comparison with the help of count tool.
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has been adopted and which worked successfully both digitally
and manually. A modified new grid prepared for the present
study not only covers the limitations of the already existing
grids but also added another feature ANGLE which has
infused the objectivity to the comparison of finger prints with
grid methods. So the results obtained with this method are
objective, precise and reproducible. The box per boxcomparison and use of adobe count tool for marking the minu-
tiae reduces not only the labor and time, but also gives unifor-
mity to the present comparison process. Another advantage of
this method is that the results can be demonstrated with chart
in the court room trials and the laborious report writings can
be modified so as to provide a verifiable data in a tabulated
manner. Another important aspect of the report is the GRID
SCORE which provides data by which reproduction of
Digital grid method for fingerprint identification and objective report writing 201minutiae position can be dotted on transparencies and
matched. In Box per box comparison, the error rate is reduced
and easy demonstration for the court room trials can be pre-
pared of the fingerprint evidence. A fixed terminology is given
as shown in Table 1 to avoid different write up by different
experts. Objectivity, reproducibility, precision and uniformity
are qualities of this grid. Provide a replacement to the manual
process of printing out and examining digital images with a
magnifying glass.
 Reduces eye strain associated with magnifying glasses due
to the ability to use both eyes. The image is displayed on
a high definition monitor at the magnification that suits
the operator.
 The upright position is an ergonomically safe method of
examining fingerprints, helping to reduce neck and back
injury.
 Displays images for comparison purposes side by side and is
easily adjustable to suit the needs of the operator.
 Provides the means to mark characteristics and record the
observations of the operator for later retrieval. Drawing
features and note tools for reporting purposes are also pre-
sent in Adobe Photoshop.
 Provides quick and easy means of tabulated reports for
court purposes.
5. Conclusions
 The minutiae based manual and digital methods provides a
new methodology which follows the ACE-V for the analy-
sis, comparison, evaluation and easy verification by other
examiners with reproducible uniform results. The introduc-
tion of new feature angle to the minutiae with respect to
core gives objectivity to the science of comparison.
 A new easy way of writing a report in tabulated format as
shown in Table 1 can be demonstrated in the court room
which is precise objective, promise uniformity and indepen-
dent of arbitrary terminology used by the experts. The use of zoom tool also enables to study the pores on
inked prints without the help of stereomicroscope.
 Digital images can be easily processed with other applica-
tions, such as enhancement or special effects for details
and images can be easily filed, stored, and transferred
between locations.
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